Bleaching earth refers to natural or activated clay which has the capacity to adsorb colored materials and other impurities during oil purification processes. This research utilized the spent bleaching earth (SBE) in used motor oil purification process via thermal remediation (650 ˚C) and acid washing methods (1 M HCl). Then, the activated spent bleaching earth (ASBE) was characterized. The results obtained from the BET analysis show the specific surface area and pore volume of the ASBE, activated virgin bleaching earth (AVBE) and virgin bleaching earth (VBE). These parameters are 100.38 m 
Introduction
One of the purification steps is the bleaching stage. Natural absorbent such as completely activated soil, and activated carbon are the main absorbent and are collectively called bleaching earth. Bleaching earth is used to improve the quality and stabilize the color of final product in used motor oil regeneration. Bleaching earth consists of clays which have capacity of adsorbing color and other undesirable elements of used oil during its purification processes in their natural or activated status [1] . These clays are usually bentonite from montmorillonite group with compact masses of crystalline aluminum silicates, containing various amounts of alkaline and intermediate metals [2] . Bleaching process is usually carried out by bentonite clay called as virgin bleaching earth (VBE) [3] . Elimination of undesirable elements includes oil color and heavy metals from used vegetable oil [4] . Thus, spent bleaching earth (SBE) remains, when impurities adsorb into VBE.
SBE as pollutant contains 20-40% by weight oil [5] and it is flammable and may cause fire. Disposal of SBE without pre-treatment in a landfill leads to loss of a large amount of oil as well as financial loss, while it causes hazards to the environment [6] . Based on latest researches, about 300-350 thousand tons of used motor oil is produced annually in Iran, where the cleaning method is acid washing and bleaching utilizing clay [7] . According to studies by USA Department of Energy, about 9 million m 3 of lubricants (in forms of motor oil, industrial oil, hydraulic oil, and grease) are consumed annually [8] . However, 40% remained materials after consumption enter waste management stream. In addition, 4.9 million tons of lubricating oil is used in Europe, and 36% remained materials after utilization are recycled [9] . SBE can be produced from clearing unit (the fifth stage of purification of used motor oil). According to an initial estimation and oil absorption, the size of filtered clay particles increases after bleaching process and pollutants absorption [10] . In fact, 573 about 80 to 140 kg of filtered clay per ton of refined used oil is generated in this process.
Taking into account the initial economic analysis, the overall investment and operation costs can be divided into two components, as follows. First, the initial investment includes design and implementation components. Second, the recycling unit consists of clay exploitation (maintenance) area. The revenue required transport and recycled clay costs, which are less in Iran in comparison with the global market. The average price of bentonite was approximately $60 per ton worldwide in 2015. However, in Iran the price of bentonite was about $35 to 40 per ton in 2015. Moreover, proper investment and principles will lead to profit-making [1] .
In accordance with the regulations of waste management, manufacturers are obliged to reduce the amount of special waste and pollution (20 % by weight of oil production) [11] . European law on management of used motor oil in 1975 (75/439/EC) emphasized on ecological management practices and establishment of oil refineries compared to incineration and energy recovery facilities [9] . However, recycling and incineration have been proposed as alternatives in Canadian executive law [12] . These regulations encourage factories to apply any recycling methods even new processes instead of the acid-clay method to mitigate environmental impacts and take into account economic issues of concern [13] .
Regeneration of this waste has aroused a great interest among many researchers. This is generally done thermally, or via chemical purification, solvent extraction, or a combination of these methods. Some of the studies in this regard are as follows (Table 1) The effect of sulphuric acid activation on the crystallinity, surface area, porosity, surface acidity, and bleaching power of a bentonite
The content of H2SO4 in acidic bentonite changed from 0 to 70% [16] Re-refining of used lube oil, I-by solvent extraction and vacuum distillation followed by hydrotreating The re-refining using vacuum distillation gave the highest oil yield of about 84% compared to solvent extraction (about 78%).
[19] Surface-active physicochemical characteristics of spent bleaching earth on soil-plant interaction and waternutrient uptake: A review SBE's structural characteristics, surface chemistry and activation have been disclosed [21] Referring to the results obtained in Table 1 , in this research SBE activation followed by thermal treatment (removal of contaminated motor oil from bleaching earth) in furnace and acid washing (activating and improving clay properties) through HCl solution on SBE. Oil color measurement with colorimeter is employed to select the optimum sample. Then, physico-chemical characteristics (BET and BJH analysis, XRD, FTIR and SEM) of activated spent bleaching earth (ASBE) is compared with VBE and activated virgin bleaching earth (AVBE) samples in similar conditions. This study aims to evaluate the clay structure along with activation method.
Materials and Methods
In this section utilized materials and equipment, and performed experiments are described. It is to be mentioned that all laboratory containers and equipment were washed with detergents and distilled water and were dried prior to performing the experiments. After determining oil content of SBE, soil activation (through thermal remediation and acid washing) is followed homogenized SBE particles. Experiments were conducted on size of 2-3 mm.
Utilized Materials
Materials used in this research included used motor oil, VBE (moisture content, ω=2.6%), SBE contained motor oil, and HCl (37%). Also used motor oil and used clay was obtained from a purification unit of used oil recycling plant. The bleaching earth used in this plant was raw calcium bentonite consist of 85% Montmorillonite (size less than 0.002 mm) produced in Iran. In addition, bentonite clay (in this research) was composed of 0.96% CaO, 69.8% SiO2 and 11.88% Al2O3. Thermal remediation of SBE was carried out in a Gallen Kamp furnace. Acid improvement was performed using HCl (37%) produced by Merck company. The main materials and apparatus are illustrated in Figure 1 .
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Experiments
At first, Soxhlet and furnace experiments were carried out to determine the oil content of SBE. Then, thermal remediation of SBE was carried out in furnace at various temperatures to obtain clay without contaminants. Afterwards, acid washing of the remediated sample was performed by using HCl (37%) to activate the clay.
Oil Measurement of Contaminated Clay
Soxhlet and furnace experiments were carried out as described below. The actual oil content of contaminated clay was calculated by comparing the results of these two methods, as follows:
Soxhlet experiment: Keeping SBE in a plastic bag at room temperature (±25 ˚C), 10 g of SBE was placed in a Soxhlet extractor. Methyl Ethyl Ketone (MEK) with high solubility was a suitable solvent for performing a faster and more accurate Soxhlet experiment. Two hundred milliliter of MEK was poured into a round-bottom flask at the lower end of the Soxhlet extractor. The experiment was conducted under a vacuum hood due to flammability of MEK. The solvent was siphoned to the heating flask after 30 minutes and siphon cycle was repeated at 10 minute intervals. After 10 hours, the system was stopped and the heater and cooler were removed [22] .
The flask at lower end of the extractor containing the mixture of oil and solvent was removed and transferred to a place for separating the oil from the solvent. Using Soxhlet experiment, almost the entire oil within SBE was removed. The mixture of oil and solvent was poured into a special flask and mounted in a rotary evaporator. After 10 minutes running the evaporator, the solvent was evaporated under vacuum and collected in the side container, while the oil in the solvent remained in the original flask. To improve the accuracy of experiment, the extractor was kept on for another 10 minutes to obtain oil to highest possible amount. Then, evaporator was turned off and the flask containing the oil was placed in a desiccator to cool it down without adsorbing moisture after an hour, the flask was weighed to obtain the weight of extracted oil.
Furnace experiment:
In order to confirm results from Soxhlet experiment, furnace experiment was conducted. Flash point of motor oil is 226 ˚C. Hence, a 10 g SBE sample was placed in a furnace at 200-800 ˚C for 1 hour to make sure of complete oil burning [23] .The best reduction chose after repetitive experiments for 3 times in each temperature. The sample weight reduction determined natural moisture of VBE and quantity of oil removal and impurities from the clay. Therefore, the amount of oil removal from SBE in this experiment equals to the summation of oil content and a lot of its impurities (solid particles).
Contaminated Clay Remediation and Activation
The clay was remediated thermally (removing oil from SBE) and it was activated (improvement of its characteristics) through acid washing as described below.
Thermal Remediation
Oil content did not change considerably within temperature ranges of 200-400 ˚C in furnace experiment. Thus, a limited range with the small interval of 50 ˚C was used to depict the oil content changes accurately. On this basis, this test was conducted at temperatures higher than 400 ˚C.
Having temperature ranges as 400 to 800 ˚C, 50 gram of SBE was measured by means of an electronic balance with a precision of 0.001 (model FH-303B made by AND Company). Then the clay was placed into the furnace and heated up to the desired temperature for 1 hour [23] . The heated clay located in a desiccator using small crucibles to prevent penetration of moisture into the sample. Cooling down the temperature of the sample to laboratory temperature (24 °C), weight and percentage of oil removed from the sample were measured. This sample was named remediated spent bleaching earth (RSBE).
In this stage, optimum temperature (for removing the entire oil content of the clay) was obtained by performing the experiments. Finding heating duration, the time interval of 0.5-3 hours was selected, and the experiments carried out at the optimum temperature. Using 50g samples in these experiments, the oil content was calculated more accurately compared to 10g samples (the furnace experiment). In order to calculate oil removal percentage, Equation 1 was used:
Where, W SBE ,W RSBE and ω are weight of SBE and RSBE and moisture content of VBE ,respectively.
Acid Washing Activation
In this test HCl (37%) was used to provide solutions with concentration of 0.1-3 M, while the ratio of RSBE to acidic solution was kept 1-20 wt. % [23] . Acidic solution and RSBE were mixed with a magnetic mixer (model PLOE IDEAL PARS HMS8805) at 25±2 °C for one hour at a speed of 300 rpm [24] . After complex mixing by magnetic mixer, acidic phase and leached RSBE were separated via centrifuge (model Segurita BHG 1100).
Acid washing was continued until reaching neutral pH (through injecting AgNO3 for this assurance). Washing the sample 7 times with distilled water, the clay and acid solution passed through a filter paper No. 2 (Ø 12.5 mm). The remaining clay on the filter paper was put inside an oven for 24 hours at 80 °C. The obtained sample was grinded with porcelain mortar in order to become powder and increase the clay absorbability. Powdered sample was named as ASBE. Furthermore, the same process (thermal remediation and acid washing) was applied on VBE sample in order to compare AVBE with ASBE sample in terms of oil removal efficiency.
Oil Color Measurement
Completing clay activation, a colorimeter (Tintometer Model F) was used for conducting the oil color measurement test on ASBE in order to prepare the optimum sample [25] .Carrying out bleaching operations, 100 g of contaminated oil were poured in a beaker and mixed under a laboratory hood using a magnetic mixer. The oil was heated to 80 ˚C, and then 1 g of ASBE was added to the oil, while heating operation was continuing. Achieving the mixture temperature 110 ˚C, it was stirred for 5 minutes and then filtered. Color of the filtered oil was determined using a colorimeter in terms of Lovibond units. Passing the contaminated oil (with Lovibond 8) through ASBE, Equation 2 was used to determine the approximate efficiency of bleaching operation:
Where,ɳ , l0 and l are oil color efficiency, color of contaminated oil, and color of refined oil, respectively.
Bleaching Earth Characteristics
Preparing the optimum sample in section 2.2.2, some tests were performed on ASBE, AVBE, and VBE to determine physico-chemical properties in similar laboratory conditions. The porous texture of VBE, AVBE and ASBE was characterized via nitrogen gas Adsorption/Desorption at 77 °K through measuring the amount of N2 gas that adsorbs onto the adsorbent by means of a volumetric gas adsorption instrument (a product of BEL JAPAN, INC). Prior to isotherm analysis, the sample was degassed at 120 °C for 12 h to remove moisture and other volatile materials from sample.
In order to explain the physical adsorption of gas molecules on a solid surface, BET (Brunauer-Emmett-Teller) theory were used in a range of 0.0 and 0.5 relative pressure based on adsorption of N2 at 77 °K. The results allowed calculating various parameters of the recovered clay texture [26] . Also, BJH (Barret-Joyner-Halenda) scheme was investigated to calculate pores distribution based on nitrogen adsorption at 77 °K [27] . Besides, in order to provide detailed information on the crystallographic structure and physical properties of the samples, XRD (X-Ray Diffraction) patterns were conducted via monochromatic CuKα radiation using PW1800 diffractometer [28] . Moreover, FTIR (Fourier Transform Infrared Spectroscopy) spectra of different samples (lozenge of KBr 1%) were carried out by means of ABB Bomem FTLA in a range of 4000-400 cm -1 [29] . Furthermore, SEM (Scanning Electron Microscope) observations were run to provide high resolution images of samples (utilizing XL30 Philips scanning electron microscope) [30] .
Results and Discussion
In this section, results from remediation and activation experiments are studied to determine the effective parameters. After determining the oil content of SBE, the optimum values of furnace temperature, heating duration in the furnace, molar concentration of HCl solution, and the ratio of RSBE to acid solution are determined.
Oil Content Determination
Comparing results of Soxhlet with furnace experiment, actual oil content of SBE is calculated as described below.
Soxhlet Test
The oil separated from the solvent was poured in a flask that had been weighed in advance. The flask was weighed and the oil weight of 10 g sample was found to be 3.57 g (35.7wt. % of the SBE). In addition it is necessary to measure the percentage of oil removal (for comparison) in section 3.1.2.
Furnace Experiment
In order to access an optimum temperature for maximum oil removal, furnace experiment is applied to temperature range from 100 ˚C to 1000 ˚C (Figure 2 ).
Figure 2. Oil removal variation from SBE by means of furnace experiment
As shown in Figure 2 , there is an upward trend of SBE oil removal from 200 to 600 ˚C, then stabilized beyond the highest temperature. Based on VBE moisture content (ω = 2.6 %), the maximum oil removal from a 10 g SBE is 35.5 wt. % at 600 ˚C due to burned part of motor oil and other impurities separation. Soxhlet test implemented more accurate and advanced equipment than furnace. This method measures quantity of oil extracted from SBE through evaporation process (not burning any impurities as in furnace experiment) as 35.7 wt. %.
Thermal Remediation
Temperature and heating duration are two effective parameters in thermal remediation. These parameters are examined as follow.
Temperature Effect
In Figure 3 , thermal remediation test is conducted for a limited range of temperature to find the maximum oil removal as mentioned in section 3.1.2. As shown in Figure 3 , in range between 600 ˚C and 700 ˚C, the percentage of oil removal fluctuates around 35% by weight. It increases with the enhancement of heating temperature of SBE and stabilizes at 650 ˚C. The result (35.6% by weight) is obtained as thermal remediation efficiency.
Heating Time
In furnace experiment, duration of heating is highly important due to achieving better oil removal. In Figure 4 , various ranges of time are tested to find the best heating time. The SBE is heated at 650 ˚C for 0.5, 1, 1.5, 2, 2.5 and 3 hours. The related results of oil removal are presented in Figure 4 . The heating duration of 1 h is the best and its oil removal is 35.6 % by weight. The percentage of oil removal is constant at higher heating values. The heated at 650 ˚C SBE for 1 h has more feasible efficiency for elimination of used motor oil.
Acid Washing
Parameters affecting acid washing stage include molar concentration of acid solution and ratio of RSBE to acid solution, which are examined as follows.
Acid Solution Concentration and RSBE/ Acid Solution Ratio
In Figure 5 , the percentage of color removal versus the ratio of RSBE to acid solution % by weight is illustrated. For better comparison, acid solution with various concentrations is prepared. As shown in Figure 5 , the efficiency of RSBE to acid solution concentration ratio is obtained by leaching with 0.1, 1, 2 and 3 M HCl solutions. The process efficiency increases and then stabilizes after the ratio of 15 % by weight. Acid washing illustrates that the optimal acid solution concentration is 1 M with the ratio of 20 % by weight RSBE to acid solution, while it provides 53.1 % efficiency. The molar concentration affects the amount of H + cation substitution for RSBE and improves the properties of the heated sample (RSBE) [31] .
Optimum Sample Determination
Considering the results, the optimum sample is the one with heating temperature of 650 ˚C, heating duration of 1 hour, HCl solution concentration of 1 M, and the ratio of RSBE to acid solution as 20 % by weight.
Investigation on Optimized Sample Characteristics
This section illustrate results of Adsorption/Desorption Isotherm, BET, BJH, XRD, FTIR, and SEM experiments conducted on VBE, AVBE, and ASBE in the following order.
Adsorption / Desorption Isotherm
In this part result of Adsorption/ Desorption Isotherm is observed. Experiments are conducted on various samples including VBE, AVBE, and ASBE. In Figure 6 , adsorption and desorption are considered, separately. As shown in Figure 6 , nitrogen adsorption isotherms for VBE, AVBE, and ASBE samples are very similar. These isotherms are type IV in BDDT (Brunauer, Deming, Deming, and Teller) and type H3 hysteresis in IUPAC (International Union of Pure and Applied Chemistry) classification systems, respectively. The type IV isotherm shows mesopores materials with slit-shaped pores, which appears mostly in layered structure clays. The type H3 hysteresis isotherm shows accumulation of layered particles with heterogeneous sizes. These classifications show clearly a vast surface area for the particles and high porosity for the sample mass, respectively [32] .
BET Analysis
The parameters and results of BET transformation are presented in Table 3 and Figure 7 as follow. BET analysis is conducted on VBE, AVBE, and ASBE. Table 3 shows that mesopores volumes (Vm) and sample areas (as) of ASBE and AVBE are greater than those of VBE. BET analyses indicate changes in porous texture of the activated samples compared to the virgin bleaching clay. These results are due to performance of HCl; dissolution of impurities, substitution of H+ ions with other cations, release of Al+3 cations, and increased number of mesopores and specific surface area [33] . According to Figure 7 , results obtained from BET test of AVBE and ASBE samples have a similar trend that is different from VBE sample. Having the samples in a relative pressure range of 0.0 <P/P0<0.5, the value of constant C (affinity of the solid with the adsorbate and to the heat of adsorption) in ASBE was higher than AVBE. This means an adsorption improvement of nitrogen gas by ASBE in comparison with AVBE [34] . Furthermore, both ASBE and AVBE samples have almost an equal surface area of 100 m 2 g -1
, which are higher than VBE surface area (≈ 83 m 2 g −1 ).
BJH Analysis
Samples characteristics and obtained parameters from BJH analysis are depicted in Figure 8 and Table 4 . Table 4 , major peak occurs at 2.10 nm. The pore radius size (rp) in three samples represents the family of mesopores [35] . Even though pores radius are similar in 3 samples, but pores volumes (Vp) and pores area (ap) in AVBE and ASBE are more than VBE sample. On this basis, clay regeneration and activation raise pores volume and Figure 8 depicts the pores distribution curves as a heterogeneous distribution of slits with a major peak. As shown in this figure, there is a maximum radius in each sample (VBE, AVBE and ASBE). It is necessary to mentioned that the value of are almost the same. Figure 8 shows results of XRD test on the samples. Samples including VBE, SBE, AVBE, and ASBE have different patterns but with similar chemical components in some extent.
XRD Patterns

1-VBE 2-SBE
3-AVBE 4-ASBE clay [37] . The clay structure shrinks and expands by temperature variations [20] . Figure 10 demonstrates results of FTIR spectra for the 4 samples including SBE, VBE, AVBE, and ASBE.
FTIR Spectra
1-SBE 2-VBE
3-AVBE 4-ASBE (O-H vibration), 1050 cm -1 (Si-O stretching), 792 cm -1 (Si-O vibration of quartz impurities), and below 520 cm -1 (Si-OAl bending). Having identical spectra for VBE, AVBE, and ASBE, it indicates that thermal remediation followed by acid washing does not modify bleaching earth montmorillonite structure [38] . SBE sample exhibits the characteristics of organic residual oil bands. This means that a large shoulder between 1042 and 1084 cm -1 is attributable to carboxylic acids (C-O), 1458 cm -1 , 2918 cm -1 and 3458 cm -1 correspond to alkane, C-H with alkane vibration and O-H, respectively. These bands in SBE disappear after thermal remediation. In fact, entire organic adsorbed residues in the pores are eliminated by thermal remediation and acid washing [39] .
SEM Test
In Figure 11 , SEM micrographs of VBE and SBE show a similar morphology, while those of ASBE and AVBE show a flattened texture because of thermal treatment and acid washing activation. In addition, just ASBE and AVBE show considerable enhancement and they have enhanced pore volumes and surface areas, whereas the others (SBE and VBE) serve as controller in experiments. The optimum sample (ASBE) shows that thermal remediation and acid washing activation improves surface area, pore volume, and surface morphology, while keep some physico-chemical characteristics constant. These properties cause a higher tendency towards adsorption of impurities ( Figure 6 ) and color enhancement ( Figure 5 ) compared to the other 3 samples, SBE, VBE, and AVBE.
Conclusion
Treating SBE (consumed in used-motor oil purification plant), conducting thermal remediation followed by acid washing activation at 650 ˚C and 1 M HCl conclude an optimum sample with high adsorption capacity. Indeed, applying the treatment on SBE increases surface area and pores volume in ASBE, while the physicochemical clay structure is unchanged. Moreover, performance of ASBE is similar to AVBE and better than VBE in adsorption of impurities. Ensuing, recovery of SBE containing used motor oil prevents environmental pollution and save resources such as clay and motor oil.
